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SUMMA.RY 

A  bacteriological  survey  was  made  of  35  Quartermaster  rations 
and  ration  components.  This  survey  indicated  that  the  highest  numbers 
of  aerobes  were  isolated  from  cabbage  slaw  and  from  meat -vegetable 
combinations . 

With  the  exception  of  carrots  and  cabbage  slaw^  coliform 
were  not  found. 

Anaerobic  spore  counts  were  highest  on  meat  and  vegetable 
combinations.  Salmonella  were  not  found  on  any  of  the  items. 

Additional  preliminary  work  with  intentionally  contaminated 
vegetables  suggests  that  initial  numbers  of  cells  may  influence  the 
percentage  of  survivors  on  freeze -dried  products  within  certain  limits 
of  bacterial  species  and  food  types;  i.e.,  Salmonella  and  Staphylococci 
on  green  beans. 

A  method  for  determining  survival  of  bacteria  in  the  absence 
of  food  substrate  (on  nonnutrient  surfaces)  has  been  worked  out. 
Assessment  of  the  lethality  of  the  pre-freezing,  the  freezing,  and  the 
drying  phases  of  the  freeze-dry  process  has  been  determined.  A  compari¬ 
son  of  the  results  of  cells  freeze-dried  on  nonnutrient  surfaces  and  on 
vegetables  indicates  the  greatest  influence  of  the  food  in  controlling 
survival  of  bacteria  comes  into  play  during  the  freezing  phase. 

Reduction  in  counts  for  Salmonella  oranienburg,  Staphylococcus 
aureus ,  Aerobacter  aerogenes ,  Alkali genes  fae calls  and  Escherichia 
coll-B  was  miuch  greater  with  fruits  than  with  vegetables . 
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I.  INTRODUCTION 


•  The  microbiology  of  dehydrated  foods  is  not  well  defined.  In 
the  past,  too  much  en^jhasis  has  been  placed  upon  quality  factors  only, 
i.e.,  the  meeting  of  a  standard  specification  which  was  -related  to  total 
bacterial  ruanbers.  Freeze -dehydration  of  foods  has  revived  interest  in 
the  assessment  of  survival  of  microbes  on  dehydrated  foods.  The  follow¬ 
ing  studies  were  initiated  to  investigate  the  degree  of  contamination  by 

certain  microbial  groups.  In  addition,  the  effects  of  the  various  phases 

# 

of  freeze-dehydration  on  sxirvlval  of  bacteria  on  selected  foods  are  being 
studied. 


This  report  covers  the  ixrellmlnary  steps  taken  to  achieve  the 
foregoing  goals. 


II.  EXPERBENTAL 


A.  Total  Aerobic  Counts 


Sampling  of  dehydrated  mixed-food  items,  such  as  stews,  hashes 
or  meats  with  gravy  mix,  is  the  most  critical  part  of  a  bacteriological 
survey  of  these  products.  Most  procedures  call  for  "homogenizing”  the 
samples  in  water  in  some  type  of  mechanical  blender.  While  such  prac¬ 
tice  works  well  with  single  dehydrated  foods,  errors  crop  up  with  mix- 
tiires  of  foods,  a  soup,  stew  or  hadi mixture.  The  components  of  the 
mixtures  are  usually  not  in  eqxial  propcxrtion.  Some  may  be  freeze -dried, 
others  may  be  vacuum-dried  and  some  may  be  air-dried.  Furthermore, 
particle  sizes  are  not  the  same,  nor  is  shape.  Such  diverse  character¬ 
istics  lead  to  saii5)ling  errors. 

i 

In  order  to  reduce  sampling  errors  with  mixtures,  we  dry- 
ground  the  entire  sample  in  a  sterile  Wscring  blender.  The  ground  mate¬ 
rial  was  tumble-mixed  and  samples  of  this  "powder"  used  for  preparing 
dilutions  in  the  usual  manner  for  standard  examinations.^/  Exceptions 
to  this  procediire  will  be  indicated  later. 

Sterile  distilled  water  was  used  for  the  Initial  dilution;  but 
as  sample  became  less  with  greater  dilutions,  phosphate  buffered  water 
was  used. 
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Initially,  both  plate  count  agar  and  Trypticase  soya  agar  were 
used  as  pour  plate  media.  However,  the  results  of  Initial  comparisons 
on  a  variety  of  dehydrated  foods  indicated  no  advantage  for  one  over  the 
other.  Subsequently,  the  plate  count  agar  (PCA)  has  been  used  exclu¬ 
sively.  This  selection  was  based  upon  the  presence  of  glucose  in  the 
PCA  as  being  a  more  readily  available  energy  source  for  cells  which 
were  injured  or  were  slow  growing. 

All  plates  for  total  aerobic  counts  were  routinely  incubated 
at  33  t2“C  for  two  days.  An  exception  to  the  dry-grind  pre-sampling 
technique  used  for  most  samples  was  made  with  single  food  items  which 
were  vacuum-  or  air-dried.  These  included  dried  carrots,  diced  potatoes 
and  dried  apricots.  For  the  most  part,  these  foods  were  too  hard  or  too 
tough  to  grind  in  the  Waring  blender.  As  single  item  foods,  they  were 
weighed  directly  into  sterile  dilution  bottles.  They  were  allowed  to 
stand  30  min.,  were  then  vigorously  shaken  and  ether  dilutions  prepared 
from  them.  These  counts  were  also  made  using  PCA  in  a  pour  plate  and 
by  using  a  33®C  incubation  temperature  for  two  days. 


B.  Coliform  Counts 


A  standa'cd  test  using  a  solid  medium  (violet  red  bile  agar) 
was  used  for  all  samples  and  tests.  This  test  was  performed  by  trans¬ 
ferring  1  ml.  of  an  appropriate  dilution  (in  duplicate)  to  petri  dishes. 
The  mediina  cooled  to  48*C,  was  then  poured  into  the  dish  and  the  medium 
and  sauqjle  quickly  mixed.  When  the  agar  had  solidified,  an  additional 
overlay  of  4  ml.  of  sterile  violet  red  bile  agar  was  given  to  each  plate 

All  plates  were  incubated  at  35 “C  for  24  hr. 


C.  Anaerobic  Spore  Coiints 

Anaerobic  spore  counts  were  made  by  heating  the  initial  sanqjle 
dilution  to  BO'C  for  10  min.,  making  additional  dilutions  if  necessary, 
transferring  1  ml.  of  each  dilution  used  to  duplicate  plates,  pouring 
with  anaerobic  agar  (BBL),  and  Incubating  the  plates  at  35“C  in  a 
Brewer's  anaerobic  jar. 
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Clostridlvua  perfrlngens  would  not  likely  be  isolated  by  this 
method  because  of  its  general  failxire  to  produce  spores  in  a  medium 
that  is  not  sugar-free.  Some  additional  counts  specifically  designed 
to  determine  Cl.  per fr ingens  are  being  planned.  In  these,  1-ml.  por¬ 
tions  of  appropriate  dilutions  will  be  transferred  to  petri  dishes 
poured  with  sulfite-polymyxin-sulfadiazine  agar.  Clostridium  per- 
fr ingens  produces  black  colonies  on  this  medium. 


D.  Salmonella 


Of  several  teclmiques  tried  in  pre-trial  determinations,  the 
following  procedure  appeared  to  give  more  consistent  results,  especially 
where  nuihbers  of  Salmonella  were  lcw.£/ 

An  initial  1;10  dilution  was  made  by  adding  50  gm.  of  food 
material  -to  540- ml.  of  lactose  broth.  This  mixture  was  then  blended 
in  a  Waring  blender.  The  initial  suspension  of  food  sample  and  lactose 
broth  was  then  divided  into  five  100-ml.  samples  and  transferred  to 
sterile  bottles.  Five  10-ml.  sanqjles,  five  l-ml-  samples  and  five 
0.1-ml.  san5)les  were  also  transferred  to  tubes  containing  10  mi.  of 
sterile  lactose  broth.  All  tubes  and  bottles  were  incubated  24  hr. 
at  35*C. 


At  the  end  of  24  hr.,  a  loop  of  material  frcm  each  tube  or 
bottle  was  transferred  to  tubes  containing  1.0  ml.  of  selenite-cystine 
broth.  These  tubes  were  then  incubated  for  7  hr.  at  35°C.  At  the  end 
of  the  incubation  period,  each  of  the  tubes  was  streaked  onto  brilliant 
green  agar.  The  brilliant  green  plates  were  also  incubated  at  35*0  for 
24  -  48  hr.  This  is  essentially  the  technique  used  by  the  U.  S.  Public 
Health  Service.  The  most  .probable  nunfcers  (MPN)  per  gram  of  sample  can 
be  obtained  by  reference  to  the  procedure  in  Recommended  Methods  for 
the  Microbiological  Examination  of  /oo<fe.i/ 

When  sample  size  was  limited,  the  following  alternative  was 
followed;  weigh  one  10-gm.  sample  into  100-ml.  lactose  broth  in  a  bottle 
or  flask  and  also  weigh  one  each  of  1.0  gm.  and  0.1  gm.  into  10  ml.  of 
lactose  broth  in  screw-capped  tubes.  Incubate  these  samples  for  24  hr. 
at  35‘‘C.  After  24  hr.,  transfer  1.0  ml.  of  each  lactose  broth-. ciilture 
to  10-ml.  portions  of  selenite-cystine  broth  in  screw  cap  tubes  and 
incubate  24  hr.  at  35“C. 
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Follcwing  growth  in  the  enrichment  tubes,  a  loop  of  each  was 
streaked  onto  previously  hardened  and  dried  brilliant  green  agar  plates. 
The  plates  were  Incubated  24  -  48  hr. 

•  Colonies,  which  appeared  to  be  Salmonella  on  the  brilliant 
green  plates,  were  checked  biochemically  by  streaking  the  slant  and 
stabbing  the  butt  of  triple  su^ar  i^on  agar. 


E.  Studies  of  Microbial  Survival 

Studies  were  initiated  to  evaluate  the  lethality  of  the 
freeze-dry  process  for  several  species  of  bacteria  on  several  ld.nds  of 
food. 


In  these  first  studies,  commercially  canned  products  were  used 
(No.  10  cans).  The  cans  were  opened  aseptically  and  the  juices  drained. 
The  food  was  then  soaked  in  sterile  distilled  vrater  and  this  also 
drained.  A  second  wash  was  then  given:  also  with  sterile  distilled 
water.  Fruits  were  given  a  third  washing. 

After  the  product  had  been  washed,  sterile  water  was  added 
again  and  after  a  few  minutes  of  soaking,  the  appropriate  bacterial  sus¬ 
pension  was  added.  After  addition  of  the  inoculum,  the  food  was  turned 
often  to  insure  uniform  contamination.  After  30  min.,  the  food  was 
drained  and  placed  in  sterile  trays  for  freezing.  Before  the  foods  were 
frozen,  samples  were  taken  to  determine  the  initial  numbers. 

The  trays  of  food  were  then  placed  on  the  plates  in  a  RePP 
freeze -dehydrator  and  frozen  at  a  temperature  setting  which  would  give 
the  desired  rate  of  cooling  (O  to  -50“ );  i.e.,  rapid  or  slow. 

Samples  were  taken  after  each  product  was  thoroughly  frozen 
and  again  after  the  product  was  dried. 

For  study  of  storage  influences  on  survival,  the  dried  products 
were  packed  into  No.  202  cans  and  either  sealed  in  air  or  in  vacuum  (less 
than  2  per  cent  residual  air).  Parts  of  each  canned  product  were  then 
stored  at  each  of  three  storage  temperatures,  100,  70  and  40“F. 
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F.  Sixrvlval  Studies  vith  Mllllpcnre  Membranes 


If  the  effects  of  a  substrate  on  stirvivability  of  bacteria  are 
to  be  accurately  assessed,  adequate  controls  are  necessary.  In  these 
studies,  bacteria  on  millipore  membrane  filters  served  as  control. 

Several  experiments  were  perfarmed,  both  with  and  without  r 
nutrient  medium. 

One  series  was  designed  to  determine  the  effect  of  the  total 
freeze-dry  process  on  cells  frozen  on  the  membranes 

A  millipore  filter  pad  was  wet  with  1.5  ml.  of  sterile  dis¬ 
tilled  water  (in  a  petri  dish).  A  sterile  millipore  filter  was  then 
placed  on  the  sxirface  of  the  pad.  When  the  filter  was  saturated  with 
water,  0.05  ml.  of  a  dilution  of  cel  Is  (usually  there  were  at  least 
four  dilutions)  was  pipetted  to  the  center  of  the  membrane.  The  drop 
was  then  spread  over  the  siirface  of  the  membrane  by  use  of  a  bent  glass 
rod  (hockey  stick).  A  sufficient  number  of  membranes  were  prepared  so 
that  each  step  to  be  evaliaated  was  represented  by  at  least  three  plates 
for  each  dilution  used. 

\ 

When  all  membrane  surfaces  had  been  inoculated,  the  plates  were 
divided  into  groups  and  placed  in  the  freeze -dehydrator.  Thermocouples 
were  placed  at  random  in  uninoculated  pads  for  temperature  control.  The 
following  groups  were  evaluated: 

1.  Controls  -  inoculated  but  not  frozen  or  dried. 

2.  Frozen  -  frozen  but  not  dried. 

3.  Dried  -  frozen  and  dried. 

Counts  of  the  bacteria  on  the  membranes  were  made  by  placing 
the  membrane  on  the  siirface  of  a  previously  hardened  medium,  in  a  petri 
dish.  In  this  manner,  the  errors  of  dilution  and  replating  were  reduced. 

In  addition  to  distilled  water,  the  effects  of  freezing  bac¬ 
teria  in  the  presence  of  chicken  broth  and  brain-heart  infusion  were 
studied.  These  tests  were  handled  the  same  as  those  using  cells  in 
distilled  water. 
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A  second  series  of  experiments  were  done  to  assess  the  damage 
of  freezing  to  cells  vhich  were  already  dry.  In  these  studies,  dilution 
and  inoculation  of  membrane  sxirfaces  were  the  same  as  for  the  previous 
studies.  However,  after  the  membranes  were  inoculated,  they  were  placed 
in  a  desiccator  jeir,  over  a  desiccant,  and  allowed  to  dry  for  24  hr.  At 
the  end  of  this  time,  they  were  taken  from  the  desiccator  and  subjected 
to  freeze  dehydration.  Estimates  of  survivors  were  made  at  three  stages 

1.  Immediately  after  inoculation. 

2.  Immediately  after  desiccation. 

3.  Immediately  after  freezing  (two  rates  of  freezing 

evaluated ) . 


G.  Bacterial  Cultures 


All  inoculations  of  bacterial  suspensions,  v  .ether  into  foods 
or  to  nonnutrient  surfaces,  were  made  with  24-hr.  c’xitures.  These  cul¬ 
tures  were  transferred  daily  and  were  carried  on  Trypticase  soya 
extract  agar. 

Six  species  of  bacteria  were  used  in  the  studies  reported  here 

1.  Salmonella  oranienbiirg 

2.  Staphylococcus  aureus 

3.  Alkali genes  faecalis 

4.  Aerobacter  aerogenes 

5.  Escherichia  coli -B 

6.  Para colobfict rum  intermedium 
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III.  RESULTS  AND  DISCUSSION 


Thirty-five  Quartermaster  rations  or  ration  items  vere  sur¬ 
veyed  to  determine  the  degree  of  bacteriological  contamination.  Conants 
were  made  for  total  aerobic  populations^  for  members  of  the  coliform 
group,  for  total  anaerobic  spores  and  for  Salmonella  sp.  The  results  of 
this  survey  eure  presented  in  Table  I. 

The  highest  aerobic  counts  vere  made  on  cabbage  slaw;  shred¬ 
ded  cabbage  alone  carried  a  population  only  1/17  that  of  the  slaw.  In 
general,  the  leafy  vegetables  vere  high  in  numbers  compared  to  other 
items  -  with  the  exception  of  the  meat  mixtures.  Seed  and  seed-pod 
foods  appeared  to  have  reasonable  numbers  of  bacteria  especially  when 
calculated  to  a  rehydrated  basis. 

All  fruits  were  low  in  total  aerobes. 

Meat  combinations  such  as  stews  and  hashes  were  variable  in 
nvmibers.  They  all  tended  to  have  aerobic  populations  which  were  at  a 
level  around  20, OOO/gm.  Beef  hash  was  the  exception  to  this  having  a 
population  of  less  than  l,000/gm.  The  counts  on  the  meat  combinations, 
viewed  against  the  population  found  on  the  vegetable  items  and  the  meats 
alone,  wo\ild  suggest  that  the  vegetable  items  in  the  stews  are  contrib¬ 
uting  the  bulk  of  the  microbes  found  in  the  meat -vegetables  mixtures. 

Sliced  beef  with  gravy  had  a  reasonable  aerobic  count  from  a 
standpoint  of  bacteriological  quality;  meat  balls  and  gravy,  however, 
had  higher  counts. 

The  degree  of  contamination  due  to  bacteria  Initially  carried 
by  the  foods  and  that  picked  up  in  handling  and  from  the  packaging  mate¬ 
rials  could  not  be  differentiated. 

Only  two  items  were  found  to  carry  appreciable  numbers  of  coli 
form:  cabbage  slaw  and  vacuum  canned  carrots.  Cabbage  slaw  had  250 
coliform/gm  and  carrots  5,000/gm.  The  ratio  of  coliform  to  total  aer¬ 
obic  count  in  carrots  was  1:8.8  and  in  cabbage  slaw  was  1:1800.  The 
counts  on  all  other  items  were  less  than  10  cells/gm  of  food. 
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TABLE  I 


BACTERIOLOGICAL  SURVEY  OF  QUARTERMASTER  ITEMS 
Niunbers  of  Bacteria  Per  Gram  (Dry  Weight)  of  Food 


Total 

Total 

Aerobic 

Anaerobic 

Item 

Coimts 

Conform 

Spore  Coimts 

Salmonella 

Cocoa  beverage 

950 

<  10 

<  10 

Neg. 

Orange  juice 

132 

<  10 

<  10 

Keg. 

Fruit  cocktail 

333 

<  10 

<  10 

Neg. 

Green  pea  soup 

467 

<  10 

<  10 

Neg. 

Apple  sauce 

37 

<  10 

<  10 

Neg. 

Rice 

1,850 

<  10 

<  10 

Neg. 

Spinach 

3,450 

<  10 

<  10 

Neg. 

Milk,  dry 

867 

<  10 

<  10 

Neg. 

Peaches 

109 

^  10 

^  10 

Neg. 

Cabbage  Slav 

450, 000 

250 

50 

Neg. 

Cabbage 

26,400 

<  10 

<  10 

Neg. 

Sweet  Potato 

38 

<  10 

<  10 

Neg. 

Butterscotch  pudding 

273 

<  10 

<  10 

Neg. 

Grape  juice 

2,200 

<  10 

<  10 

Neg. 

Orange -grapefruit  jalce 

53 

<  10 

<  10 

Neg. 

6  Mo.  peas 

533 

<  10 

<r  10 

Neg. 

Green  beans 

13,400 

<  10 

<  10 

Neg. 

Peas 

7,800 

<  10 

<  10 

Neg. 

Apricots 

860 

<  10 

<  10 

Neg. 

Stewed  primes 

600 

<  10 

<  10 

Neg. 

Sliced  beef  and  gravy 

14,200 

<  10 

<  10 

Neg, 

Macaroni  and  cheese 

1,250 

<  10 

<  10 

Neg, 

Meat  balls  and  gravy 

91, 000 

<  10 

<  800 

Neg. 

Corn  and  lima  beans 

23,000 

<  10 

120 

Neg. 

Chicken  stew 

22,000 

<  10 

700 

Neg. 

Beef  stew 

25,800 

<  10 

530 

Neg. 

Chicken  and  rice 

2,800 

<  10 

30 

Neg. 

Beef  hash 

990 

<  10 

170 

Neg. 

Mashed  potatoes 

193 

<  10 

<  10 

Neg. 

Peasj  vacuum  canned 

800 

<  10 

<  10 

Neg. 

Cooked  beef;  vacuum  canned 

80 

<  10 

<  10 

Neg. 

Onions;  sliced,  canned 

6,000 

<  10 

<  10 

Neg. 

Carrots;  vacuum  carmed 

44,  000 

5,  000 

<  10 

Neg, 

Potatoes;  diced 

1,300 

<  10 

<  10 

Neg. 
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A  vide  range  of  values  vas  found  for  anaerobic  spores  in  the 
survey.  For  the  most  part,  the  rations  were  found  to  contain  less  than 
10  anaerobic  spores/gm.  However,  this  low  figure  may  not  be  truly  in¬ 
dicative  of  the  total  anaerobic  population  especially  considering  that 
Clostridium  perfringens  does  not  always  sporulate  well  in  laboratory 
medium  unless  it  is  free  of  sxigar.  Such  may  be  the  case  in  foods  as 
well. 


All  the  ration  items  shown  in  Table  I  were  found  to  be  free  of 
Salmonella.  In  only  one  item  was  a  suspect  isolated.  That  isolation  was 
from  sweet  potato.  One,  1-gm.  seimple  gave  an  isolation,  although  the 
10-gm.  and  larger  samples  did  not.  Subsequent  examination  of  other 
samples  failed  to  produce  any  suspects.  Since  the  single  isolation  was 
found  to  be  serologically  and  biochemically  related  to  the  test  strain 
in  use  for  food  inoculations,  the  conclusion  reached  was  that  the  colony 
isolated  frcoi  the  sweet  potato  plate  was  indeed  an  accidental  introduc¬ 
tion.  Because  further  examinations  of  the  sweet  potato  have  not  revealed 
Salmonella,  we  have  reported  this  item  to  be  free  of  Salmonella.  We  are 
firmly  convinced  that  it  is. 

The  effect  of  initial  numbers  of  bacteria  on  the  per  cent  of 
sm’vivors  was  determined  using  fr\iits  and  vegetables.  From  the  figures 
presented  in  Table  II,  there  is  an  indication  that  a  six-fold  increase 
in  initial  numbers  did  not  affect  the  per  cent  of  Salmonella  cells  which 
survived  the  freeze-dry  process  when  corn  was  used  as  the  substrate. 
However,  when  green  beans  were  used  as  a  substrate,  an  approximate  two¬ 
fold  increase  in  initial  numbers  resulted  in  a  doubling  of  the  per  cent 
survivors.  The  point  at  which  there  is  a  diminishing  return  for  increase 
in  initial  numbers  has  not  yet  been  determined. 

Staphylococcus  aureus  appeared  to  exhibit  similar  character¬ 
istics  in  relation  to  substrate,  although  to  a  slightly  different  degree. 
Table  III. 


The  reduction  in  numbers  of  two  test  species  by  the  various 
steps  of  the  freeze-dry  process  is  shown’  by  the  figures  in  Tables  IV  and 
V.  Table  IV  is  based  on  the  reduction  in  numbers  of  Salmonella  oranien- 
burg  in  both  frnits  and  vegetables. 
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TABLE  II 

EFFECT  OF  INITIAL  NUMBERS  OF  SAIMOKELIA  CRANIENBURG  ON  THE  PER  CEMT 
WHICH  SURVIVE  FREEZE -DEHYDRATION  IN  VEGETABLES 

(In  1,000's) 


Initial 

Final 

lo 

Count 

Count 

Survival 

Corn 

65  or 

88T 

13.5 

107T 

lOT 

9.4 

Green  Beans 

549T 

252T 

46.0 

208T 

47. 5T 

23.0 

EFFECT  OF 

TABLE  III 

INITIAL  NUMBERS  OF  STAPHYLOCOCCUS  AUREUS  ON  THE 

PER  CENT 

WHICH  SURVIVE  FREEZE-DEHYTRATION  IN  VEGETABLES 

(In  1,000‘s) 

Initial 

Final 

lo 

Count 

Count  Survival 

Corn 

9701- 

5CT 

5.2 

lOOT 

18T 

18.0 

Green  Beans 

121. 5T 

33T 

11.2 

SOOT 

1601 

32.0 
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TAfiI£  IV 


laSlRUgnOB  OF  aAmOWELIA  crabieiibcjrq  durinq  the  freeze-eryinq 

raOCESS  OF  fRUTPS  AMD  VBQETABIgS 


Sub- 

•trmt« 

Average 

Total 

Reduction 

_  ii) 

Range  in 
Total 
Reduction 

Average 
Reductior: 
at  End  of 
Freeze 
Cycle  (i) 

Range 

Reduction 

at  End  of 

Freeze 

Cycle 

Average 
Reduction 
at  End  of 
Drying 
Cycle  (i) 

Range 

Reduction 

at  End  of 
Drying 
Cycle 

Ccru 

89 

86-91 

52 

■i  :  r.j 

37 

32-40 

OrMn 

68 

55-V7 

24 

20-36 

44 

20-70 

IMI. 

81 

78-85 

32 

24-40 

49 

45-58 

Pmuts 

96 

96-99 

79 

60-82 

19 

15-23 

99 

9i-99.9 

96 

94-99 

3 

1.8-5 

TABU  V 

nwnpcTOOl  CF 

BSAniiiOCOOCUB  AiBEUB 

DUmiQ  THE 

FSEiaUI-DRYIHO 

Sub- 

Total 

laduetioD 

tt) 

Range  in 
Total 
■aduetlon 

Average 

Reduction 
at  £nd  ot 
rr—f 
Cycle  ii) 

Range 

Reduction 
at  End  of 

Ft^zc 

Cycle 

Average 

Reduction 
at  End  or 
Drying 
Cycle  (i) 

Range 

Reduction 

at  End  of 
Drying 
Cycle 

Oora 

95 

95-99 

47 

35-52 

48 

40-51 

“Z- 

66 

79-89 

49 

58-59 

36 

30-41 

51 

42-61 

39 

28-51 

12 

10-14 

Wm 

69 

51-79 

24 

19-52 

45 

36-57 

1-02 


fh«  total  reduction  of  nunIserB,  for  the  cuaulative  process  of 
freeze-drying,  appeared  to  be  greater  when  the  cells  vere  on  green  beans. 
The  effect  on  corn  and  peas  Is  about  equel.  Greatest  total  reduction 
occurred,  however,  when  fruits  vere  used  as  the  test  food. 

When  corn  was  used  as  substrate,  nearly  50  per  cent  of  the  re¬ 
duction  occurred  during  the  freezing  cycle.  With  green  beans,  about  35 
per  cent  of  the  reduction  occurred  during  the  freezing  cycle,  freezing 
accounted  for  60  per  cent  of  the  total  reduction  when  pears  vere  the  sub¬ 
strate  and  Sal.  oranlenburg  the  test  species.  The  reduction  vas  even 
higher  on  peaches. 

Although  the  total  reduction  of  S.  aureus  appeared  to  be 
greater  on  corn  than  did  Sal.  the  fraction  that  could  be 

attributed  to  the  freezing  cycle  vas  less :  49  per  cent  for  S.  aureus 
compared  to  59  per  cent  for  Sal.  oranlenburg.  Total  reduction  of 
8.  axireus  on  green  beans  vas  also  less  than  for  Sal.  oranlenburg j  how¬ 
ever,  the  portion  of  the  kill  caused  by  freezing  vas  greater  (56  per 
cent). 


The  destruction  of  S.  aureus  on  peas  was  decidedly  less  than 
Sal,  oranlenburg  on  the  sane  substrate  (61  per  cent  for  Sal.  oraxU.enburg 
and  51  per  cent  for  S.  aureus ). 

Pears  vere  also  found  to  offer  a  greater  ssurgln  for  survival 
for  S.  aureus  than  they  did  for  Sal,  oranlenburg ;  only  34  per  cent  of 
the  total  reduction  was  accounted  for  by  freezing. 

Additional  figures  for  survival  (or  reduction)  of  other  bac¬ 
terial  species  are  presented  In  Table  VI.  The  organlsaiB  presented  here 
are  gram-negative  rods  and  their  ability  to  survive  the  total  freeze-dry 
process  closely  approxluates  that  of  Sal,  oranlenburg. 

To  date,  only  one  series  of  nitrogen-packed  foods  has  been 
exasdned;  but  the  Indications  are  that  rapid  decline  in  populations 
occur  under  nitrogen,  and  especially  so  at  70*F  and  100*F. 

The  data  In  Table  VII  Indicate  that  survival  on  nonnutrient 
surfaces  may  not  be  greatly  different  than  survival  in  most  vegetables. 
There  Is  also  an  Indication  that  the  greatest  Influence  of  the  food  In 
controlling  survival  of  bacteria  ccmes  Into  play  during  the  freezing 

phase. 
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TABLE  VI 


nsintuCTiow  or  three  bactbua  duribg 

THE  fWaBE-CRgWO  OF  TOCDB 

Reduction  of  Reduction  of 

Secherichle  coll  AlkaLlgenea  feecelis 


Corn 

83^1 

- 

69)( 

Qreen  Beans 

73^ 

eijl 

aef 

Baae 

94^ 

eai 

97i 

VMra 

98)1 

99.a]( 

99$ 

Bubetrete 


Reduction  of 
Aerobecter  eerosenea 


TABIE  VII 

SmVIVAL  or  lEtfJaWBaA  (»AlllBiB«(|  AHD  gCAWYLQCQCaB  Al^tEUS 

waa  mccEB  ahp  misD  ow  ROHm/gaMP  suOTAcas 


Becteriua 


Saaple 

S.  Aureus 

nroean  to  *10”F 

83^ 

95$ 

Wtatma  to  -50*r 

B7$ 

^e$ 

Ibrled  (froK  »en} 

u$ 

20$ 

The  'eeee •'death”  la  mch  aKsre  pronounced  with  the  fjrulta 
then  vith  ▼egetMbles.  Thla,  howerer,  vould  be  expected  in  that  acidity 
of  aubatrate  la  knoim  to  accelerate  death  during  freeting  and  cold  ator 

•••• 


As  a  guide  to  use  in  future  vork,  for  detei^nlng  the  aawunt 
of  Inofflilai  when  a  oartaln  range  of  survlycra  is  daaired,  the  average 
aurvivora  fcr  all  teat  atraina  cn  all  vegatablea  vara  prepared.  This  is 


1>1A 


pr«stnt«d  In  Fig.  1|  gnd  Is  intended  as  a  general  guide  only;  i.e*,  vhen 
drying  conditions  ere  similar  to  those  used  in  these  studies: 

I 

1.  Food  frosen  to  -50*P. 

2.  A  chamber  pressure  of  IG^  or  lees. 

5.  A  chelf  temperature  not  to  exceed  i20*F. 


IV.  FimmE  WCRK 


Four  foods,  pah>#  paars,  corn  and  green  beans,  have  been  in¬ 
oculated,  dried  and  stored  at  40,  70  and  100*F  under  nitrogen  and  air 
pack.  Evaluation  of  loss  in  viability  of  the  bacteria  on  these  foods 
vlU  be  made. 

The  foods  supplied  by  the  Quartermaster  will  be  further  sur¬ 
veyed  for  the  presence  of  Fecal  streptococci  and  Clostridium  perfrlngens. 

Fruits,  vegetables  and  meats  are  to  be  inoculated  with  four 
additional  bacterial  species  including  Clostridium  >iQtuiinyni.  Survival 
of  these  types,  prior  to  freezing,  during  freezing  and  drying  and  after 
drying  vlU  be  evsduated* 

The  Influence  of  cooling  rate  is  to  be  established. 


V.  SXFEKDITURES 


Approximately  35  per  cent  of  the  funds  allocated  for  this 
project  have  been  cosad-tted.  With  nearly  one-third  of  the  work  com¬ 
pleted,  the  remaining  funds  are  sufficient  to  complete  the  work  called 
for  in  the  contract. 


i  ■  ■■  _ _ -A 

530  400 

Initial  Rurtwrs 


600 


700 
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US.  ARMY  NATICK  LABORATORCS 

MATiOR.  MtASSACHUMTTS 


M  WALT  MCnn  TO 


U  Maj  1964 


SolRBtlflo  And  TAOhnicAl  InfoxvAtlon  PAOlUty 
AITIl  I&S4  RAproAMtAtlT*  (SH/EL) 

P«  0*  Bax  5700 
BaihaadA^  NioTlAnd  20014 


Q«Htl 


I 


laoXaaad  haraiilth  ata  two  (2)  oc^aa  of  Profraar  Bapaw't  lo. 
OcutrAot  Bo*  01  Nldwaat  BaaaAroh  Lutituta, 

ITmatt  Gitj,  MLaaoiaxv  titla  "A  Btodp  of  tha  NlorohiolafT^  af  BalaaWd 
Dakjdratod  Food  Preduoia** 


1  InaU 

Proc»  Rapt.  §L  (in  dupa) 


«  •  « 


RKniaacss 
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2.  Angelottl,  R.  (1963)  Detection  at  Microbial  Pathogens  In  Poods. 

In:  Microbiological  Quality  of  Poods.  Acadeedc  Rress,  Rev  York. 
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(4)  SalJDonella.  In  addition,  the  prefreeslng.  1  (4)  Salinonella.  In  addition,  the  prefreexlng, 

freezing,  and  drying  effecta  on  aurvlvnl  of  five  j  freezing  and  drying  effects  on  survlral  of  five 

microbial  typea  are  dlacussed.  microbial  types  are  discussed.  ,  \ 


